Investigations into the extent of structuring present in phosphonium based ionic liquids were carried out using photochromic molecular probes. Three spiropyran derivatives containing hydroxyl (BSP-1), carboxylic acid (BSP-2) and aliphatic chain BSP-3 in [P 6,6,6,14 ][dbsa]) may have been due to steric effects due to proposed cavity formation of the alkyl chains in phosphonium based IL structuring.
It has been argued that the solvent properties of ionic liquids may not be well accounted for by conventional macroscopic parameters like polarity and dielectric constant, which have been extensively used for molecular solvents. Some early characterisation of ionic liquids involved the use of a polarity scale based on solvatochromic probe dyes (Nile Red and Reichardts dye). 1 Unfortunately, all ionic liquids studied appeared to have the same or similar properties, to that of moderately polar solvents. This was in stark contrast to their behaviour as reaction solvents since different ionic liquids produced very different products. These contradictory results do not invalidate the use of solvatochromic dyes for ionic liquid characterisation but more importantly inform us of the multiple solvation shells possible within ionic liquids. As we know, polar solutes will preferentially be solvated by polar solvents; therefore polar solvatochromic dyes will only observe their immediate polar environment, and do not observe the bulk molecular environment outside of their solvation shell, this could explain these contradictory results. Therefore, multiparameter scales such as the Kamlet-Taft system have been developed to account for multiple solvation interactions, this system is based upon Linear Solvation Energy
Relationships composed of the complimentary scales of hydrogen bond acidity (α), hydrogen bond basicity (β) and dipolarity/polarizability effects (π*). 2, 3 Many ionic liquid families have been characterised using the Kamlet-Taft system but caution must be taken on the reliability of this scale, as some discrepancies have been reported when using different dyes to measure the parameters.
Consequently, additional approaches are needed to help characterize the solvation properties of ionic liquids that can account for the multiple solvent-solute interactions possible. Time resolved fluorescence spectroscopy of PRODAN 4 and other probe molecules have been carried out to study the dynamics of solvation in ionic liquids, 5, 6 it has been proposed that coumarin 153 is preferentially solvated by the cation via dipole relaxation. 7 Iwata investigated the behaviour of 2-aminoquinoline in several ionic liquids using similar techniques and found certain imidazolium ionic liquids to form complexes with 2-aminoaquinoline. 8 This led to the hypothesis that certain ionic liquids are capable of forming distinct structures. Linear and Nonlinear Raman spectroscopy showed evidence of imidazolium ionic liquids appearing homogeneous macroscopically, but heterogeneous microscopically in the nanometre scale. 9 Molecular dynamics simulations have supported this view. 10, 11 Traditionally in sensor science, one develops a molecule to monitor a single parameter in its local environment, such as ion concentration. Recently, more functionalized molecular sensors have been synthesised to respond to multiple parameters, each by a different analytical technique. de Silva has pioneered this area of sensor science with his 'multiplexing sensor molecules', which correspond to nanosized robots that go to humanly inaccessible spaces, monitor its local environment and send information back to us. 13 BSP when exposed to UV light undergoes an isomerization wherein the spiro linkage is severed, resulting in the merocyanine isomer, a highly polar zwitterion that is coloured. The merocyanine thermally reverts back to the BSP isomer following first order kinetics, Figure 1 . The BSP-MC isomerisation also exhibits properties similar to a multiplexing sensor, as it reveals a significant amount of information about its surrounding molecular environment: (i) at equilibrium an estimate of polarity can be calculated from the value K e , the population of non-polar BSP versus the highly polar MC, 14 (ii) the MC isomer exhibits a large negative solvatochromic shift with increasing polarity, 15 with BSP derivatives and in some cases negative photochromism was observed for BSP. 21 We also studied the photochromic properties of BSP in phosphonium based water. Recognizing the sensitivity of molecular probe studies by spectroscopic methods, we followed the detailed purification method developed by Ramnial et al. 26 The effect of cleaning can be seen from the UV-vis spectrum of [P 6, 6, 6, 14 ] [dbsa] and
[P 6, 6, 6, 14 ] [dca] in ESI Figure 1 
Results
Controlling the position/solvation of a molecular probe in a complex system such as a micelle or phospholipid bilayer by modifying its chemical structure is very appealing, as one can monitor specific molecular environments on demand. 12, 27 It has been proposed that ionic liquids form specific structured molecular domains. 10, 11 One particular study by Pison et al investigates the solubility of fluorinated gases in trihexyltetradecylphosphonium bis(trifluoromethylsulfonyl)amide supported with molecular simulation calculations. 28 It was found that unexpected solubility profiles of certain sized fluorinated gases could be explained by their location with respect to the solvents ions. Applying this train of thought to ionic liquids to seek out specific polar or non-polar domains is very exciting. In this study, we investigated the possibility of positioning BSP molecules in specific solvation environments within phosphonium based ionic liquids by synthetically modifying BSP derivatives and studying their spectrokinetic and thermodynamic properties. For example BSP-1 and 2 (see Figure 1 ) have polar appendages located at the indoline nitrogen, it is hoped that these BSP derivatives will embed themselves within a polar domain and report their locations (via solvatochromic shift of λ max of MC isomer) and the specific and non-specific interactions it observes (via kinetic and thermodynamic parameters determining the MC thermal relaxation process). As it is envisaged, that BSP-3 will locate within non-polar regions and report on its immediate molecular environment, due to its non-polar appendage. The properties of the BSP derivatives in orhanic solvents will be used as a reference when comparing with Ionic liquids. To support and validate our experimental results, the solvatochromic probe Reichardt's dye 30
has been used as a solvent-dependent reference process to define empirically a solvent polarity scale, E T (30) scale.
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BSP-1 Hydroxyl derivative
The physical, kinetic and thermodynamic properties of the BSP-1 are tabulated in The results described for photochromic behaviour refer to room temperature (293 K), but the rate of thermal relaxation depends strongly on temperature. The linear temperature dependence of the rate of thermal relaxation of MC in the ionic liquids studied were plotted using eqn (2).
where R = gas constant, h = Planck's constant, and k B = Boltzmann constant.
Plots of ln k vs. 1/T are shown in Fig. 5 Using Eyring's transition state theory (eqn (3)), one can derive activation thermodynamic parameters such as ∆S ‡ (entropy of activation), ∆H ‡ (enthalpy of activation) and ∆G ‡ (Gibbs energy of activation) for the thermal relaxation of MC, these are shown in Table 1 . Moreover, transition state theory gives a satisfactory interpretation of orientation and solvent effects, since it interprets these in terms of entropy changes when the molecules come together. Since, the BSP-MC equilibrium is almost isoentropic, the consequence of balance between two opposite contributions to ∆S 0 : a positive contribution, which is related to the increased torsional freedom in the MC isomer, and a negative contribution, which is due to solvent reorientation around the more polar MC form. 31 As expected, the experimental activation entropies 
BSP-2 Carboxylic acid derivative
The physical, kinetic and thermodynamic properties of the carboxylic acid derivative, BSP-2, in phosphonium ionic liquids and organic solvents are tabulated in Table 2 Initial observations found that the established E T (30) polarity-kinetic relationship of molecular solvents was again not upheld. The rate of thermal relaxation depends strongly on temperature. The linear temperature dependence of the rate of thermal relaxation of MC in the ionic liquids studied were plotted, example shown in Figure 7 .
From the linear Arrhenius dependences in all cases, the values of activation energy (E a ) and the pre-exponential factor are derived ( Interestingly, [P 6,6,6,14 ] [dbsa], assumed to be a non-polar liquid due to the prevalence of multiple long alkyl chains, was found to exhibit rates of thermal relaxation between that of acetonitrile and ethanol with a rate of 3 x 10 -4 s -1 . This rate would imply that the solvent system was somewhat polar, this was also observed by the thermodynamic parameters, [P 6,6,6,14 ] [dbsa] exhibits a significantly negative ∆S ‡ of -59.50 JK -1 mol -1 , indicating the transition state to be in a more polar environment. Such a negative value would imply that the solvent system is reorientating to accommodate the change in the probes molecular structure and charge (zwitterionic). This would explain the slow rates of thermal relaxation due to the stronger interactions between the ionic liquid and the MC isomer resulting in stabilisation.
Similar effects were observed for [P 6, 6, 6, 14 ] [dca] with only an increase in the ∆S ‡ values being of significance. The value was found to be higher than that of [P 6,6,6,14 
BSP-3 Tetradecane derivative
A non-polar tetradecane BSP derivative (BSP-3) was added to the Ionic liquids to attempt to interact with the non-polar domains within the ionic liquid. It is believed that the non-polar side chain will interact with the alkyl chains of the phosphonium cations through van der Waals forces resulting in coordination of the BSP-3 molecule into specific regions of the IL. The physical, kinetic and thermodynamic properties of the BSP-3 are tabulated in Table 3 See for Figure 9 a schematic illustration of this hypothesis. Activation energies were also found to be high with all Ionic liquids exhibiting values close to 100 kJ.mol -1 indicating that the reduced degree of torsional rotation produced a barrier to the relaxation of the MC form to its closed form. 
Conclusion
The application of photochromic compounds as molecular probes has proven effective for the investigation of specific regions within ionic liquids. The integration of functional groups with predetermined polar/non-polar properties allows for the probes to be selectively located in a particular region within the ionic liquids based on a mutual attraction of the tethered functional group. Introduction of ultraviolet light and the formation of the MC form of the compounds results in analysis of the region the probe is now located within based upon thermodynamic and kinetic parameters reflected in the thermal relaxation of the compound to its closed form. Polar functionalised derivatives BSP-1 and BSP-2 were believed to interact with the polar domains and possibly the anions within the cavities formed by the phosphonium cations. The extent of the functional group interaction was also observed through the entropies of activation which were found to be generally negative for the polar derivatives. This was due to the fact that the functional groups already associated with polar regions within the ionic liquids and thus the effect of the ring opening/closing of the compound and introduction of a zwitterion had minimal disruption. The opposite was observed for non-polar derivative BSP-3 which had positive entropies of activation. The tetradecane chain is believed to locate the compound in such a way that its ring opening/closing is the primary source of charge-charge interactions and therefore produces system reorganisation upon MC formation and subsequent relaxation. The ability to predetermine the location of a probe molecule within an ionic liquid now opens up the ability to further study the physico-chemical interactions of certain domains with user specific characteristics but also lead to the development of more advanced materials.
